The family Microbacteriaceae was proposed by Park et al. (1993) and emended by Stackebrandt et al. (1997) and Zhi et al. (2009) successively, and consists of a group of actinobacteria that are aerobic, non-motile, non-spore-forming, Gram-stain-positive and have G+C-rich genomic DNA (Li et al., 2010) . At the time of manuscript preparation, the family Microbacteriaceae comprises 42 genera with validly published names (http://www.bacterio.net/-classifgenerafamilies.html#; Microbacteriaceae). Members of the family Microbacteriaceae have been found in such diverse environments as plants, soil, air, dairy products, sewage, mushrooms, insects, groundwater and cotton composts (Evtushenko et al., 2000; M€ annistö et al., 2000; Han et al., 2003; Sheridan et al., 2003; Tiago et al., 2005 Tiago et al., , 2006 Yoon et al., 2006; An et al., 2008; Vaz-Moreira et al., 2008; Baik et al., 2010; Kim et al., 2012b Kim et al., , c, 2013 Weon et al., 2013; Jang et al., 2013) . During the isolation of herbicidedegrading bacteria, one strain, designated LIP-1 T , was isolated from contaminated soil at a pesticide factory. On the basis of the phenotype and genotype analysis, strain LIP-1 T could not be classified into any known genus. Therefore, in this paper, characterization and classification of a novel genus-level strain within the family Microbacteriaceae is reported on.
Strain LIP-1 T was isolated from a soil sample obtained from a pesticide factory in Xinyi, Jiangsu, China (34 22¢ 13.26¢¢ N 118 20¢ 59 .33¢¢ E). The soil sample was first enriched with minimal salt medium (MSM) (1.0 g NH 4 NO 3 , 1.5 g K 2 HPO 4 , 0.5 g KH 2 PO 4 , 0.2 g MgSO 4 and 1.0 g NaCl per litre distilled water, pH 7.0) supplemented with 1 g glucose l À1 (Zhang et al., 2015a) at 30 C for 7 days. Enrichment cultures were serially diluted with sterilized double-distilled water, spread on MSM agar with 3 ml Luria-Bertani (LB) medium (Liu et al., 2014) and then incubated at 30 C for 7 days. Individual colonies of distinct morphology were further purified and stored at À70 C in LB medium with 15 % (v/v) glycerol.
Cell morphological, biochemical and physiological characteristics were investigated by cultivating strain LIP-1 T on LB agar at 30 C. The cell morphology and motility of strain LIP-1 T was examined by using a light microscope (BX41, Olympus) equipped with phase-contrast optics and by transmission electron microscopy (H-7650, Hitachi) using cells that had been grown for 96 h at 30 C on LB agar. The Gram staining reaction was performed according to the method of Beveridge et al. (2007) . Catalase and oxidase activities were revealed by bubble production in 3.0 % (w/v) H 2 O 2 (Zhang et al., 2015b) and oxidase reagent (bioM erieux) according to the instructions of the manufacturer, respectively. In addition, nitrate reduction, production of indole and H 2 S, urease and gelatinase activities and the Voges-Proskauer test were assayed using API 20NE kits (bioM erieux) according to the manufacturer's instructions. Other enzyme activities, carbon oxidization and acid production from substrates were assayed using the API ZYM and API 50CH kits (bioM erieux) and the Biolog GP2 system. Hydrolysis of casein, chitin, DNA and starch was tested according to the methods of Smibert & Krieg (1994) . Optimum growth conditions were determined by culturing at different temperatures, pH and NaCl concentrations for up to 5 days. Tolerance of NaCl was tested in modified LB medium containing 0, 0.5, 1, 1.5, 2, 2.5, 3, 4 and 5 (w/v) NaCl. The pH range for growth was determined at 30 C in LB medium by using 50 mM MES, HEPES, TAPS and CAPSO over a pH range from pH 4.0 to 10.0 with intervals of 0.5 pH units, and the temperature range (4, 10, 20, 25, 28, 30, 37 and 42 C) for growth was also investigated by growing the isolate in LB medium. Growth was monitored by measuring the optical density of the culture at 600 nm. Cell growth was also evaluated on R2A agar (Difco) and tryptic soy agar (TSA; Difco) at 30 C. Antibiotic susceptibility was examined by placing different antibiotic discs on LB agar at 30 C for 48 h. The discs (Oxoid) tested contained ampicillin (10 µg), rifampicin (5 µg), streptomycin (10 µg), kanamycin (30 µg), gentamycin (10 µg), tetracycline (30 µg), chloramphenicol (30 µg), erythromycin (15 µg), polymyxin B (30 µg), spectinomycin (100 µg), vancomycin (30 µg) and lincomycin (2 µg). The susceptibility of the strain was decided by recording a zone of inhibition around the disc.
Cell biomass for chemical analyses was obtained from cultures grown in LB medium at 30 C for 4 days in shaken flasks to the exponential phase and then lyophilized immediately. Analyses of menaquinones, polar lipids, cellular fatty acids, cell-wall sugars, peptidoglycan structure and DNA G+C content were performed by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. Respiratory quinones and polar lipids were extracted and analysed as described by Tindall (1990a, b) and Tindall et al. (2007) , respectively, using HPLC and two-dimensional TLC, respectively. Cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) as described by Miller (1982) and Kuykendall et al. (1988) . Whole-cell sugars were determined and analysed as described by Saddler et al. (1991) and Groth et al. (1996) . Cell-wall peptidoglycan was isolated and analysed by the methods of Schleifer & Kandler (1972) , Schleifer (1985) , MacKenzie (1987) and Groth et al. (1996) . The genomic DNA G+C content was determined by HPLC according to the method of Mesbah et al. (1989) , after DNA was extracted and purified according to standard procedures (Tel-Zur et al., 1999) .
The 16S rRNA gene was amplified by PCR with two universal primers, 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGTTCCTTGTTACGACTT-3¢) (Lane, 1991) . Purification of the PCR product was carried out using a E.Z. N.A. Gel Extraction kit (Omega), and the purified PCR product was cloned into vector pMD19-T and sequenced using an automated sequencer (model 3730, Applied Biosystems). Identification of phylogenetic neighbours and calculation of pairwise levels of 16S rRNA gene sequence similarity were achieved by using the BLAST program of the National Center for Biotechnology Information (http://www.ncbi.nlm.nih. gov/BLAST/) and also by using the EzTaxon server 2.1 (http://www.ezbiocloud.net/; Kim et al., 2012a) . The 16S rRNA gene sequence alignment was performed using CLUSTAL X software (Thompson et al., 1997) . Phylogenetic trees were reconstructed using MEGA version 5.0 (Tamura et al., 2011) on the basis of the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris, 1969) and maximumlikelihood (Felsenstein, 1981) algorithms with Kimura's twoparameter calculation model. Bootstrap analysis based on 1000 replications was undertaken to test the robustness of the phylogenetic trees (Felsenstein, 1985) .
The characteristics that differentiate strain LIP-1 T from 13 other closely related species or type species of genera of the family Microbacteriaceae are shown in Table 1 . Colonies of strain LIP-1 T on LB agar were smooth, translucent and dry after 96 h of incubation at 30 C. Strain LIP-1 T was Gramstain-positive and catalase-/oxidase-positive. Cells were rod-shaped (approx. 0.65-0.7 µm long and 0.25-0.3 µm wide) (see Fig. S1 , available in the online Supplementary Material). The optimal temperature for cell growth was 30 C, although growth was observed at 16-37 C. Growth occurred at pH 6.0-9.0, with an optimum at pH 7.0. Strain LIP-1 T grew in the NaCl concentration range of 0-2.0 % and with optimum growth in the absence of NaCl. Strain LIP-1 T was found to be susceptible to all of the antibiotics tested except erythromycin and lincomycin. The results of the Biolog GP2 system showed that strain LIP-1 T was positive for oxidization of pyruvic acid methyl ester and adenosine, but could not oxidize most of the other carbon sources. Acid was not produced from a wide variety of carbohydrates other than aesculin ferric citrate and potassium 2-ketogluconate (as determined using API 50CH strips). In the API 20NE (bioM erieux) test, indole, H 2 S production and the Voges-Proskauer reaction were negative. No urease or gelatinase activity was observed. Nitrate was not reduced to nitrite. Only aesculin could be hydrolysed. In the API ZYM (bioM erieux) enzyme profile, strain LIP-1 T was positive for leucine arylamidase and weakly positive for alkaline phosphatase, esterase (C4), esterase lipase (C8) and naphthol-AS-BI-phosphohydrolase. The differences in some features, such as temperature and pH range for ; 3, Microbacterium lacticum DSM 20427 T (Robinson, 1966; Yokota et al., 1993; Takeuchi & Hatano, 1998; Behrendt et al., 2001; Lee et al., 2006) and/or C 18 : 1 !6c. The major cellular fatty acids of strain LIP-1 T were anteiso-C 15 : 0 (50.8 %), iso-C 16 : 0 (17.6 %) and anteiso-C 17 : 0 (17.4 %), and other cellular fatty acids are listed in Table S1 . The major fatty acids profile was similar to those of the recognized species in the family Microbacteriaceae, although there were differences in the proportions of some fatty acids (Table S1 ). The major menaquinones were MK-12 (54 %) and MK-11 (41 %), and MK-14 (5 %) was also present. The cell-wall peptidoglycan type was B2d with 2,4-diaminobutyric acid as the diagnostic diamino acid. The polar lipid profile included the major compounds diphosphatidylglycerol and two unidentified glycolipids (Fig. S2) . The G+C content of the genomic DNA was 63.8 mol%.
The almost-complete 16S rRNA gene sequence of strain LIP-1 T obtained was of 1489 bp in length. Sequence similarity calculations indicated that strain LIP-1 T is a member of the family Microbacteriaceae with Microbacterium ginsengisoli Gsoil 259 T (96.01 %) being the closest cultured relative. Members of the remaining genera in the family Microbacteriaceae showed less than 95 % sequence similarity. In the neighbour-joining tree ( Fig. 1) based on 16S rRNA gene sequences, strain LIP-1 T formed a distinct clade within the radiation of the family Microbacteriaceae, and similar topologies were also found in the trees generated with the maximum-likelihood and maximumparsimony algorithms (Figs S3 and S4) . Therefore, the low 16S rRNA gene sequence similarity values between strain LIP-1 T and the phylogenetic neighbours of related genera of the family Microbacteriaceae, together with phenotypic and chemotaxonomic data, strongly indicated that strain LIP-1 T was a member of a novel species of a new genus in the family Microbacteriaceae.
On the basis of these results, we propose a novel genus and species to accommodate the isolate, with the name Huakuichenia soli gen. nov., sp. nov.
Description of Huakuichenia gen. nov.
Huakuichenia (Hua.kui.che¢ni.a. N.L. fem. n. Huakuichenia named to honour Chinese microbiologist Hua-Kui Chen).
Cells are Gram-stain-positive, rod-shaped, non-sporeforming and oxidase-and catalase-positive. The predominant fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . The major menaquinones are MK-12 and MK-11. The cellwall peptidoglycan type is B2d with 2,4-diaminobutyric acid as the diagnostic diamino acid. The major polar lipids are diphosphatidylglycerol and two unidentified glycolipids. The genus is a member of the the family Microbacteriaceae. The type species is Huakuichenia soli. Description of Huakuichenia soli sp. nov.
Huakuichenia soli (so¢li. L. gen. n. soli of the soil).
In addition to the characteristics reported for the genus, cell growth occurs at 16-37 C (optimum, 30 C), at pH 6.0-9.0 (optimum, pH 7.0) and with NaCl concentrations of 0-2.0 % (w/v) (optimum growth without NaCl). Good growth occurs on LB agar, better than on R2A agar (Difco) and trypticase soy agar (TSA; Difco) after incubation for 4 days at 30 C. Voges-Proskauer reaction and indole and H 2 S production are negative. Based on the results of the Biolog GP2 system, cells are positive for oxidization of pyruvic acid methyl ester and adenosine, but cannot oxidize most of the other carbon sources. Acid is not produced from a wide variety of carbohydrates other than aesculin ferric citrate and potassium 2-ketogluconate. No urease or gelatinase activity. Nitrate is not reduced to nitrite. Only aesculin can be hydrolysed. Cells are positive for leucine arylamidase and weakly positive for alkaline phosphatase, esterase (C4), esterase lipase (C8) and naphthol-AS-BI-phosphohydrolase. Major fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . The major menaquinones are MK-12 and MK-11. The cell-wall peptidoglycan type is B2d with 2,4-diaminobutyric acid as the diagnostic diamino acid. The major polar lipids are diphosphatidylglycerol and two unidentified glycolipids.
The type strain, LIP-1 T (=CCTCC AB 2015422 T =KCTC 39698 T ) was isolated from contaminated soil in Xinyi, Jiangsu, China. The DNA G+C content of the type strain is 63.8 mol%.
